We have also examined similar parameters for several other enzymes; the trend suggests that in these cases there is a correlation between apparent association constant and capacity. These enzymes include yeast glutathione reductase, glucose 6-phosphate dehydrogenase, glutamate dehydrogenase, alcohol dehydrogenase and malate dehydrogenase, Neurospora crassa glutamate dehydrogenase, pig heart isocitrate dehydrogenase and lactate dehydrogenase, and Lactobacillus casei dihydrofolate reductase.
Monospecific antisera are ideal for the isolation of specific proteins from crude tissue extracts . The main problems associated with immunoprecipitation techniques are the tedious preparation of carrier antigen and non-specific precipitation. In theory, these problems may be overcome by using insolubilized antibodies. Wc have previously described the purification of rat liver cytochrome oxidase (EC 1.9.3.1) , and of an antiserum raised against this antigen . For the studies described in the present paper the antiserum was further purified by (NH4&304 precipitation and dialysis against water (Harboe & Ingild, 1973) and by DEAE-cellulose chromatography (Levy &Sober, 1960) . The resulting IgG* fraction was then covalently attached to Sepharose 2B by means of CNBr activation (Porath et al., 1973) under the conditions recommended for moderate activation.
Under these conditions 4.6mg of IgG was bound per ml of Sepharose (recovery of IgG, 77 %). Similarly IgG from control serum was attached to Sepharose 2B (5.3 mg of protein per ml of Sepharose; recovery of IgG, 82 %). The binding characteristics of the immunoadsorbent were initially investigated with columns of Sepharose (1 ml) in 2ml plastic syringe barrels. Successive samples (0.1 ml) of a mitochondrial Triton X-100 (1 %, v/v) extract (10mg of protein/ml) in 200m~-potassium phosphate buffer, pH7.0, were either applied to 'antiserum-Sepharose' or 'control serum-Sepharose' columns at room temperature. The samples were washed through the column (process time 5 min) with 5ml of 1Omh.r-potassium phosphate, pH7.0, containing 150m~-NaCI and 1 % (v/v) Triton X-100, and the enzyme activity was measured in each sample eluted from the column. The results, shown in Fig. 1 , indicate that only part of the cytochrome oxidase present in each sample of the extract binds to the immunoadsorbent. Profiles similar to that in Fig. 1 were obtained when the mitochondrial Cumulative volume of extract added to the column (ml)
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Fig. I . Binding of' cytochrome oxidase to the immunoadsorbent
Samples of a mitochondrial Triton X-100 (1 %, v/v) extract were applied to the columns (1 ml) and washed through with buffer (5ml). 0, Enzyme activity washed off 'control serum-Sepharose'; 0 , enzyme activity washed off 'antiserum-Sepharose'.
Triton X-100 extract was adjusted to pH8.O and when a mitochondrial extract prepared in sodium cholate, pH 7.0, ( I %, w/v) was used.
I n all cases no enzyme activity bound to columns of 'control serum-Sepharose'. When the mitochondrial Triton X-100 extract was treated overnight (Dennick & Mayer, 1977) with Bio-Beads SM2 (20-50 mesh, from Bio-Rad Laboratories, Richmond, CA, U.S.A.) to remove micellar Triton X-100 ( I vol. of Bio-Beads SM2 to 1 vol. of Triton extract, or I vol. of Bio-Beads SM2 to 2voI. of Triton extract), it was found that no activity bound t o the immunoadsorbent.
If a sample (0.2ml) of the mitochondrial Triton X-100 extract was applied to an immunoadsorbent column and theeluate recycled through the column, it was found that all of the enzyme activity present in the sample bound to the column. To achieve this, it was necessary t o recycle the eluate seven times (process time, 40min). These results (and those in Fig. 1 ) suggest that the binding of the enzyme to the immunoadsorbent might be a time-dependent phenomenon. This was confirmed by an experiment t o determine the time required to bind all of the enzyme activity in a sample (0.2ml) of the mitochondrial Triton X-100 extract. A contact time of 2.5h at room temperature was found to be necessary to bind all of the enzyme activity.
The saturation characteristics of the immunoadsorbent were then determined in conditions where the antigen was left in contact with the immunoadsorbent for 2.5 h at room temperature. Samples of mitochondrial Triton X-100 extract (0.1-0.9ml) were added to columns (1 ml) of the immunoadsorbent or 'control serum-Sepharose'. After 2.5 h, the columns were washed with phosphate-buffered saline, and the washings were assayed for enzyme activity. Fig. 2 demonstrates saturation of the immunoadsorbent at 0.4mI of mitochondrial Triton X-100 extract per ml of immunoadsorbent. This is equivalent t o approx. 50pg of cytochrome oxidase, calculated from the specific activity of the pure enzyme .
The time-dependence of antigen binding may result from weak or slow interactions with the immunoadsorbent, owing to the nature of the antigen in detergent solution. However, non-ionic detergents have little effect on antigen-antibody interaction (Crumpton & Parkhouse, 1972) at least in immunoprecipitation. The results in Fig. 1 , in the recycling experiments and in experiments demonstrating the time-dependence of 569th MEETING, SUSSEX Volume of extract added to each column (ml)
Fig. 2. Binding of cytochrome oxidase to the immunoadsorbent after prolonged contact
Samples of a mitochondria1 Triton X-100 (1 %, v/v) extract were left in contact with the columns for 2.5h at room temperature. 0 , Enzyme activity washed off 'control serumSepharose' column ; 0 , enzyme activity washed off 'antiserum-Sepharose' column.
antigen binding, can be explained by the removal of binding species of the enzyme complex from an equilibrium mixture containing binding and non-binding species. Cytochrome oxidase will not bind to the immunoadsorbent after removal of micellar Triton X-100 with Bio-Beads SM2. In these conditions the preparation becomes turbid, which indicates aggregation of membrane proteins in the extract.
This suggests that exposure of antigenic determinants on the enzyme complex may be a function of the interaction of cytochrome oxidase with other membrane components. The behaviour of the immunoadsorbent with cytochrome oxidase is in marked contrast with immunoadsorbents to acetyl-CoA carboxylase and fatty acid synthetase, where antigen binding is complete within 5 min at room temperature (N. Paskin, R. J. Mayer & R. Manning, unpublished work).
The binding kinetics observed in the present study suggest the need for the full characterization of the interactions between membrane antigens and their immunoadsorbents, if the immunoadsorbents are to be used in a quantitative manner.
